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1 رژ بر 


Ten inzices nave previously been proposed as measure- 
ments Tor the evaluation of physieal-plunt utilization: 
This paper ís a further extension and validation of these 
meopossis, Flant lavouts vary according to tne 706 
Tens manufactured, processes required, and many other 
factors. In attempting to validate these indices it was 
meceseary to find some criterion of improved plant layout. 
This validation was accomplished by evaluating only plants 
manufacturing the sane item under two conditions of plant 
E ost. initial and revised, The criterion of inprove= 
E was established eithe r quantitatively, such as incre iE 
MESE uc tion or savis; or ualitstively, such as increased 
sefety ar improved insmection. Three methois were consid- 
Asa if performin: this evaluation; first, a survey was 
meee d "before end after" literature, written for teens 
nical journals, which described new and improved rlant lay- 
MiS. Xecond, A questionna.re-type list wus proposed to De 
tributed to the Production ¿nsineering Departments of facters 
1es having records of revised layouts. And third, actual 
plant visits for the purpose of mking the necessary 
physical measurerents of existinz or proposed layouts, as 
well as making detailed studies af available files, recards, 
bluerrints or template layouts. The last nethod was decided 
upon. Five factories in the Central Indiana area were chosen 


for study. \ fairly heterogeneous selection of manufactured 
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evaluation also included departmental and divisional layout 


analysis in order to provide a more comprehensive appraisal 
of the indices. Constant effort was exerted to evaluate the 
improved criteria factors, such as increased production, only 
in the light of changed layouts. Many cases exist where the 
same criteria are a result of better methods or processes, 


and these cases were carefully eliminated. 
Conclusions and Recommendations 


In the validation of the criteria certain changes were 
made, such as clarifying, generalizing and re-defining, in 
order to mke the terms more universal in application, Two 
of the original indices were set aside and two additional 
indices were proposed and partially validated. In evaluation, 
the indices were found to be more easily applied if arranged 


in the following groups: 





Flow of the Manufactured Part 

1. Index of Indirect Materials Handling 

2. Index of Total Materials Handling 

Ae Index of Gravity Utilization 
6(8). Index of Production Line Flexibility 
Utilization of Men and Machinery 

4. Prime Index of Automatic Machinery Loading 

5. Secondary Index of Automatic Nachinery Loading 
6(b). Index of Work Station Flexibility 


7. Index of Floor Area Loading Density 








9. Index of Storage Space 
10. Imex of Storage Volume Utilization 


The above indices may be used separately or in com- 


binations, depending on the particular situation encountered. 


There is an advantage noted in analyzing the numerical values 
of certain indices with respect to one another. 

The indices evaluated and retained in this paper are now 
considered to be valiá criteria of physical-plant utilization. 
Further research not far afield might include the development 
of general standards of index values within industries, the 
correlation of index values with common industrial criteria, 
and the development of a similar set of indices for other 
Industrial Engineering techniques. 











OF PHYSICAL-PIANT UTILIZATION 
THE PROBLEM 


Two problems present themselves for solution in this 
paper. The first problem is to prove that the indices prev- 


iously proposed are or are not criteria of physical-plant 


utilization. The second problem is to develop, analyze and ` 


evaluate further indices of physical-plant EEN 

| In solving the first problem it will be necessary to 
bridge the gap between theory and practice - that is, to 
properly evaluate the proposed criteria it will be necessary 
to apply these criteria to actual, practical situations. In 
doing this, close attention will necessarily be paid to terms, 
definitions, and their related meanings, to insure that such 
are general enough to be applicable to ail conceivable situ- 
ations. Further, the proposed indices must not only be evalu- 
ated from the standpoint of the immediate results to be ob- 
tained therefrom but they should be also viewed inthe broad 
sense of applicability, such as which indices should be usod 
and how, where, and when they should ve used, 

_ The solution of the second pioblem should evolve from an 
analysis of the mterial, methods, procedures and experience 
used in obtaining a solution to the first problem. Throughout 
this paper, constant endeavor shall be mintained to develop 
am appraise all indices from the point of view of pure 


physical-plant utilization. 











GENERAL PROCEDURE 


This paper will be developed and organized as follows: 

First, a review of the previously proposed criteria of 
physical-plant utilization will be undertaken. This will 
include definitions of terms used, meanings of each symbol 
or letter, and the intemied use for each criterion. 

Second, a detailed analysis of the proposed criteria 
Will be presented. This analysis will attempt to show the 
conditions required for applications of the criterion with 
optimum results. Certain terms will be re-defined or general- 
ized in the light of the experience gained by application of 
these criteria to different practical situations. Likewise, 
the meanings of certain symbols will be modified to permit 
their wider use in more diversified industrial situations. 
Proposed criteria which do not fulfill the requirements of 
proper evaluation in terms of physical-plart utilization 
only, will be eliminated. 

Third, further criteria Ss the evaluation of physical- 
plant utilization will be developed. These criteria will be 
designed to alleviate certain voids created in the evaluation 
of plant layouts with the indices previously proposed. These 
criteria will be structured and defined so as to be applicable 
under the same conditions of usage as were the previous criteria. 

Fourth, a procedure for the evaluation of physical-plant 
utilization will be outlined. The methods proposed for per- 


forming this evaluation will be examined. The final select- 


fon of one of the proposed methods, as well as the reasons 





for that selection, will be set forth in detail. The bene- 
fits and experience gained from this particular chosen method 
of evaluation, as well as the limitations and difficulties 
encountered, will be discussed, 

Fifth, the criteria of physical-plant utilization will 
be evaluated by actual application to existing plants. This 
application will be confined only to those plants having manu- 
factured the same product under two conditions of layout - 


original and improved. A brief summary of the plant operat- 


ions, products and background will be presented. The criter- 


ion of betterment of the improved layout will be indicated. 





Each imex will be evaluated under both conditions of layout 
and will be enumerated with such pertinent remarks as my 
apply. | 

Sixth, a critique Will be presented. This will be a 
critical estimate of each of the indices previously evaluated. 
In this presentation each index will be discussed as to its 
@oplicebility, function and significance. 

Lastly, general conclusions and recommendations will be 
deduced from the development and application of these indices 
to practical situations. These remarks will pertain to the 
capabilities and limitations of each of the indices, as well 
as their recommended use, either in combination or individu- 
ally, for optimum utility. Recommendations will be made for 
further areas of research which would enhance the value of 
the present work in the field of E on of physical-plant 


utilization. 





REVIE OF PREVIOUSLY FROPOSED CRITERIA 


A review of previously proposed criteria of physical- 
plant utilization is in order at this point. These criteria, 
or indices, are as follows: 

1. Index of Indirect Materials Handling = 

where a = the sum of the distances a part moves 
automatically by conveyor and from machine 
to machine arranged in operation sequence 
without external materials handling. 
and b = the total actual distance a part moves via 
the production route from raw stores to 
finished stores. 
This index shows the efficiency of the production route 
through use of mechanized handling of mterials. Here, 
"external materials handling" means movement of production 
materials from one location to another, in boxes, tote pans, 
etc., by any person. 
2. Imex of Direct Materials Handling = = 
where c = the direct line distance via the plant 
floor from raw stores to finished stores. 
This index depicts the manner in which the manufacturing 


route is laid out. 


d 
3. Index of Gravity Utilization = 3 
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Gantz,S.P., "A Proposal of Criteria for the Eveluation of 
Industriel Physical-Plant Utilization", M.S. Thesis, Purdue 
University, June 1990. | 





= the sum of the vertical distance gravity 
feed used. 
- the total vertical distance up a part: 
moves from raw stores to finished parts. 
This index shows the extent of utilization of gravity in 


returning to the main floor parts lifted therefrom. 


4. Prime Index of Automatic Machinery Loading = 1005 


where f = the sum of the percentages of machine down 
time from all cases where the individual 
percentages of down time are equal to or 
less than 50% of the individual work cycles. 
and g the total number of operators on those 


machines. 





This index points out the efficiency in grouping machines 
for multi-machine operation. In this index "down time" 
means that portion of the work cycle in which the machine 
is loaded and unloaded. It is to be noted that this index 
is used only for machinery for which the machine time portion 
of the overall work cycle is automatic and machines may be 
left unattended while operating. 
5. Secondary Index of Automatic Machinery Loading= 1508 
where h = the sum of the percentages of machine down 
time from all cases where the individual 


percentages of down time are greater than 


50% of individual work cycles. 


The same remarks apply as in Index #4, except that this index 


is used only for odd groupings of machines which might not 
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6. Index of Flexibility = 


where j = the number of machines capable of being 
moved to a new location in the production 
line in one working shift. 
and k = the total number of machines in the pro- 
duction line. 
This index shows the ability to change a machinery layout 


rapidly. 


1 
7. index of Floor Area Ioading Density - 0 


بل 


ie 


where m = extreme machine length in feet 
n <= extreme mchine width in feet 
p operator work area in square feet 
q = total plant floor area in square feet 


and r - total aisle area in square feet 





This index shows the manner in which plant floor area is 
utilized. Here, "machine" means all produetion machinery 
. including conveyors resting on or near tne floor, but ex- 
cludes overhead conveyors which pass over and clear of 
other machinery. 
8. Imex of Aisle Wastage = E 
where q - total plant floor area 
amd r 2 total aisle area 
This index shows how much floor area is consumed by aisles. 
9. Index of Time = 1 
where s Z the sum of the standard times for all 


operations on a part.. 








raw. stores to finished stores including 


handling time and time in banks. 


Tis index measures the tim efficiency with which a part 


traverses the production process. In this index, "operations 
means the active work on the part in production, i.e., modi- 
fication of a part in one location. 
10. Imex of Inventory = = 
where x = rate of production 
y - index of time 


This index shows the number of production units planned for 


the production line at any one time. 











NALYSIS OF PREVIOUSLY PROPOSED CRITERIA 


In applying the proposed criteria of physical-plant 


utilization to different practical situations, several modi- 





fications and alterations to these indices seemed pertinent. 
Although a fairly wide selection of plant layouts was used, 

and the experience gained therefrom has been of great value 
making these indices more universal in application, it is 
appreciated that such definitions, terms and meanings, as nde 
in employed, will be under constant revision. This revision 
and upgrading should be inherent in all phases of modern 
industrial techniques. 

In tbe original proposal af these criteria it was 
theorized that certain ones should be applied to those 
plants engaged in continuous production, whereas certain 
Others should be applied to those plants engaged in inter- 
mittent production. However, in actually using these indices, 
in measuring the layout, it vas noticed that they logically 
fell into two readily classifiable groups, as follows: 

(1) Those indices which best describe the proper layout 
with respect to the flow of the part. 

(2) Those indices which best describe the proper layout 
with respect to the utilization of men and machinery. 

Bach index, in all cases of application, fell naturally 
into one of these groups. It is this classification that 
determined the method of orienting tne data involved, when 
actually applying these criteria to existing plants. 


One more assumption should be presented before continu- 
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ing with the step-by-step analysis of each index. Layout and 


re-layout are not necessarily concerned with the entire plant 


nor do they necessarily affect all parts of a given product. 


In the majority of instances, the layout or re-layout is con- 





cerned with the rearrangement of the departmental, sectional, 
or even smaller organizational unit. | 
l. Index of Indirect Materials Handling - = 
where a = the sum of the distances a part moves auto- 
matically by conveyor and from machine to 
machine arranged in operation sequence 
without extemal materials handling. 
and b = the total actual distance a part moves via 
the production route from raw stores to 
finished stores. 
A minor change in the definition of b should be included here. 
In tracing the path of a part over a production route, the 
part should be traced from the entrance to the layout area to 
the exit fromthe layout area. This permits a more general 
use of the index, as mentioned earlier in this section. Hence, 
b will be re-defined to read: 

b = the total actual distance a part moves via 
the production route from the entrance to 
the layout area to the exit from the layout 
area. 

2. Index of Direct Materials Handling = > 
where c 2 the direct line distance via the plant 


floor from raw stores to finished stores. 


This index is difficult, if not oftentimes impossible, to 
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U-shaped, or L, if L-shaped, etc. In many instances the flow 





of the part is from one building to another, one floor to 


another, or it may follow a particular flow in one room which 


will give a false value as an index. For example: 
—————————— 4. —————————————3À 





A certain product entered at point (1) and followed the path 
(2)-(3)-(4)-(5). It was then carried to the exit (old), a 

total distance of 150 feet. The direct line distance from 
the entrance to tne exit (old) was 50 feet. This gave an 


index value for Direct Materials Handling of: 


1 50l 
B- isor 7 7 
In the revised layout the exit was relocated near point (5), 





where the production ended. Hence, the part traveled only 4 
distance of 110 feet, but the direct line distance from the 
entrance to the exit (new) was reduced to 30 feet. This gave 


an index value for Direct Materials Handling of: 

= Del zoo 
This would indicate a less desirable situation rather than a 
better layout, which is actually. the case. 

For a continuous repetitive production this factor night 
be applied, if it were a direct, easily traced line flow from 


raw stores to finished stores. This has not been found to be 


the normally existing case in industry. 
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Index of Total Materiais Handi ing > 
where b = the total actual distance a part moves via the 
production route from the entrance to the lay- 
out area to the exit from the layout area. 
ios value represents the exact distance required for a pami 


Br piece to travel during production. It is, in itself, a 





better measure of the efficiency with which the production 
Haute is laid out. There is no need for further complicating 
the index by forming a ratio, inasmuch as any plant or area, 
m ducing the samne parts, can be more easily and accurately 
compared on the basis of this proposed value. 
ó. Index of Gravity Utilization = 2 
where d = the sum of the vertical distance gravity 
feed used. 
and e = the total vertical distance up a part 
moves from raw stores to finished parts. 
The Index of Gravity Utilization is designed to show the 
efficiency of gravity in returning to the main floor, parts 
difted therefrom. There is some doubt as to the usefulness 
of this index in the evaluation of single-story plants. This 
conclusion is reached after obtaining very high values for a 
one-story plant which raised a part only a few feet and then 
regained this energy output completely by the force of gravity. 
In comparison, a multi-story plant which skillfully employed 
gravity in order to utilize a very large percentage of its 


energy expenditure, over several of the floors, would still 


have a lower value for this imex. It is believed that this 
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slue and to zit 
parisons for industrial use, should be limited to the evalu- 
ation of multi-story buildings. 

The value of e should not be restricted to the total 
vertical distance up that a part moves. The same amount of 


energy is expended whether a part moves up or down by machine 


Or human effort. Therefore, a doubled value of e should re- 


sult if a part is moved up and then returned by machine or 





human effort. This is, in effect, a penalty for expending 
power when gravitational energy is available. Example: A 
part moves up by pwer conveyor a distance of 30 feet. It 
returns by power conveyor a distance of 10 feet, and by 


¿ravity the remaining distance of 20 feet. 


Previous Analysis Proposed Analysis 
: 1: 20 Teet d - 20 feet 
e = 30 feet e = 30 feet+10 feet 
der 20 _ a دن‎ 
e a 30 .06 e - AQ = $900 


Therefore, it is proposed that tnis index be modified as 
follows: 
Index of Gravity Utilization Z - 
where d = the sum of the vertical distance gravity feed 
is used in a multi-story plant. 
and e = the total vertical distance up or down a part 
moves, involving machine or human effort, from 
the entrance to the layout area to the exit 
from the layout area, of a multi-story plant. 
4. Prime Index of Automatic Machinery Loading = 100% 


where f = the sum of the percentages of machine down 











time from all cases where the individual 





percentages of down time are equal to, or 


less than,50%-of the individual work cycles. 





and g = the total number of operators on those mach- 
ines. 
This index was used successfully and required no change or 
modification. | 
9. Secondary lniex of Automatic Machinery Loading - TOG 
where h = the sum of the percentages of machine down 
time from all cases where the individual 
percentages of down time are greater than 
50% of individual work cycles. 
This index was not evaluated. No situation presented itself, 
during the preparation of this paper, in which this index 
could be used. From the BK 0ھ‎ gained in using Index #4, 
it appears that this index, too, would be applicable without 
change or modification. 
6. Imex of Flexibility = d 
| where j = the number of machines capable of being 
moved to a new location in the production 
line in one working shift. 
and k = the total number of machines in the pro- 
daet ron Line: 
This index is too restrictive. Many production lines have 
machines installed which perform no operation on the particular 
item flowing in the production line at a specified time. The 
flexibility of such machines would reflect no accurate indi- 
cation as to the true flexibility of the layout, as pertains 


to the particular item under consideration. 
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indices; one to describe the flexibility as pertains to the 
flow of the part and the other, as pertains to the utili- 
_ gation of men and mchiner These proposed indices would 


be as follows: 


(a) Index of Froduction Line Flexibility = a 
1 
where j,- the number of machines or work stations 


performing operations on the part under 
consideration, so designed as to be cap- 
able of being moved to a new location in 
the same production line in one working 
S 

and kQ47 the total number of machines or work 
Stations performing operations on the 
part under consideration, in the pro- 
duction line. 

(b) Index of Work Station Flexibility = 22 
where j = 160ب‎ 0106-7 of machines or Work stat loner 

within tue area under consideration, so 
designed as to be capable of being moved 
to any other location in one working shift. 

and k,= the total number of machines or work stations 
within the area under consideration. 

A concise meaninz of two terns is important when using this 
index. It is proposed that these terms be defined as follows: 
Definition of Machine - A non-portable device with a 

Peperatenmworein@avidual , power Source. 


Definition of work Station - The area covered by the 
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necessary to the performance of a given operation. 


7. Index of Floor Area Loading Density = 2 [(m+2) (o+2 )+o] 
q-r ۱ 
where m = extreme machine length in feet 


n extreme machine width in feet 


operator work area in square feet 


p 

q = total plant floor area in square feet 
and r = total aisle area in square feet. 

In this index the definition of machine should be consistent 

with that used in Index #6. "Work station" should also be 

used in this index since a work station does consist of use- 

ful production area. The following meaning is proposed for e 

p = the total work area normally required by an operator 

in the verformance of his job. 

And in accordance with the assumption that layout is not only 

concerned with the entire plant, but lesser areas as well, q 

shall be defined as follows: 

q = total layout floor area in square feet. 

It should be emphasized that the areas occupied by the 
machines, work stations and operators may be totally indepen- 
dent of each other, That is, a productive work area may con- 
sist of mchines or work stations operated by workers, machines 
operating imependently, or workers operating independently. 

The denominator does not correctly represent the total 
area available to production. From experience in all the 


plants investigated, it has been found that the denominator 


represents storage area as well as direct production area, In 
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order to meke this index more definite as to efficient use of 
plant floor area for production use only, the following value 
is introduced: 
u = total floor area, in square feet, occupied by tempor- 
ary or controlled snot of material, or tools and 
equipment required to modify this material. 


Therefore, it is proposed to re-write the formula as follows: 


Index of Floor Area Loading Density = m+2 ) (n+2)+p] ۰ 


q-(r+u) 
This index will now give a more accurate indication of the 


efficiency with which productive floor space is utilized. 

8. Index of Aisle Wastage = Ser 

where qz total layout floor area 
and r = total aisle areas 

This index has been defined as representing the total plant 
floor area available for placement of production machinery. 
As indicated under Index #7, this area would be available 
for both production ami storage. The title of the imex has 
created considerable question in application. Increased 
aisle area is not necessarily increased waste area. Intangible 
factors such as increased safety, less crowding, etc., might 
be the result of a so-called increase in Aisle Wastage. It 
is proposed that this index be changed as follows: 

Index of Aisle Space = 2 
This index now gives a true indication of over-all utilization 
of layout floor area for aisles. An increase or decrease in 
aisle area is readily reflected by an increase or decrease in 
this proposed index. The particular manufacturing conditions 


encountered will determine whetner a high or low value of this 
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9. Index of Time - - 


where s = the sum of the standard times for all oper- 


arıens on a part. 





and t = the total standard times for the part, raw 
stores to finished stores including handling 
time and time in banks. 
This index measures the time efficiency with which a part 
traverses the production process. In actual measurements in 
industrial plants, it has been extremely difficult, or, in 
most cases, impossible to measure this index accurately. The 
numerator is Simple and easy to obtain. fever, the denomin- 
ator is extremely variable and subject to pure estimation in 
almost every instance. It has repeatedly been brought to this 
author's attention that methods, not plant layout, is the con- 
trolling factor in this index. It is conceivable that plant 
layout could affect the storase or delay in the production or 
handling of part. However, it is the responsibility of proper 
methods to obtain tie optimum value of this index with the 
given plant layout. In view of the fact that this index is 
controlled by methods, rather than by plant layout, it is 
recommended that it be eliminated as a plant layout index. 
10. Index of Inventory = > 
where x = rate of production 

and y = index of tine. 
This index shows the number of production units planned for 
the production line at one time. Inasmuch as y is equal to 


the Index of Time, it will te apparent that tnis index is am 





is recognized that production rate may د۷‎ a direct functi 

of proper plant layout, it ic felt that fora given plant le 

out the production rate is rere often the result or other 
methods being one of the most prominent. 


Further, the Index of Time, in measurenents obtained thus 


= 


Mer, bas resulted in extrerely small values. then used as 


Meoedenominator, in “he Index cf fdventor;, a very large 


number results. The slightest variation in the rate of 


“production produces such a fluctuation in this index that 
mois of little, if any, value, either es a direct measure, 
Seeparison, or reliable indication of inventory 

ror the above reasons, it is recommended that the Index 


of Inventory be eliminated as a useful meesure of plant lay- 
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OPOSAL OF ADDITIONAL CRITERIA 





Dur ing the evaluation of the previously proposed cri- 
teria, by their employment in actual plant layouts, it was 
felt that certain areas of the physical-plant study were 
not being completely analyzed. The following additional 
indices are proposed to cover these areas: 

1. Index of Storage Space = ri 

where q = total layout floor area 
and u = total floor area occupied by temporary or 
controlled storage of material, or tools 
and equipment required to modify this 
material. | 
This index is opon as an adjunct to the Index of Floor 
Area Loading Density, where u retains the same meaning. This 
index gives a true indication of over-all utilization of Tage 
out floor area for storage of in-process materials, or the 
tools and equipment required to modify this material. An 
increase or decrease in storage area is readily reflected in 
this index. 
2. Index of Storage Volume Utilization = - 
where v = volume occupied by raw materials or finished 
goods at the normal maximum attainable level 
of storage. 
and w Z total volume available for storage of raw 
materials or finished good3. 
This index would measure the cubage utilization of storage or 


warehouse spaces, such as Receiving and Shipping. This index 










The above criteria, as proposed, are not considered 


be exhaustive in the field of plant layout evaluation. 








for these particular indices was evident, .lowever, 


= 





a study of those plants evaluated in this paper. Other in- 
: es were developed, but finally rejected, because they were 
not measures of layout alone.  Attempting to confine ine 

field of study to those factors affecting tne physical-plant 


only will naturally place a more restrictive limit on the 


variety of criteria which may be proposed. 








In attempting to properly evaluate the indices of physical- 








plant utilization it was necessary to consider those areas 
wnich offered the most diversified means of analysis. It was 
also considered a pre-requisite that such an analysis should 
take place under closely controlled conditions of accuracy 
and should be as close an approximation to actual situations 
as possible. 

Since plant layouts vary according to the specific items 
manufactured, processes required, and mny other factors, it 
was necessary to find some criterion of improved plant layout 
in order to validate tnese indices. This was accomplished by 
internal validation. That is, only plants manufacturing the 
same item under two conditions of plant layout, both initial 
and revised, were evaluated. The criterion of improvement was 
established either quantitatively, such as increased production 
or savings; or qualitatively, such as increased safety or im- 
proved inspection. | 

Of the methods considered, the choice was narrowed to 
the three which seemed to most nearly meet the required 
standards. The three methods which were considered in per- 
forming the evaluation were: 

(1) To make a survey of the various technical journals 
and publications in the light of their applicability to the 
appraisal of the indices. To do this, it would be necessary 
to resolve those articles dealing only with the "before and 
after" aspects of layout. 


(2) To distribute questionnaire-vype lists to the 





Industrial Engineering Departments of those plants having 





records of revised layouts. These lists would seek the necess- 
ary information required to properly evaluate the indices. 

(3) To visit various plants for the purpose of making 
the necessary physical measurements of existing or proposed 
layouts, as well as making detailed studies of available 
files, records, blueprints or template layouts. 

The first method failed of selection after an intensive 
survey of technical journals and publications, covering the 
period from 1940 to 1950, failed to produce sufficient data 
for an accurate appraisal of any one of the indices. The 
large majority of these articles were written in vague 
generalities, and illustrated by photographs, rather than 
describing the previous and revised layouts in terms of 
actual facts and drawings. 

The second method failed of selection because of the im- 
practical aspect of requiring a large amount of data-gather- 
ing to be done by plant personnel. After developing a ten- 
tative list of the questions required, in order to properly 
evaluate the indices, it was felt that submission of the 
list would be an imposition on those engineering personnel 
involved in bringing it to completion 

The last method was chosen for evaluation of the indices. 
It was felt that applied measurements in the physical-plant 
would certainly give the closest approximation to actual 
situations. The accuracy of calculations was dependent, to 
some extent, on records and models. However, every effort was 
made to assure complete results and the maintenance of the 


indices as functions of phys ical-plant utilization alone. 








For the evaluation, five factories in the Central Indiana 
area were chosen for study. These factories were selected 
for their adequate layout revisions and for the heterogeneous 
selection of manufactured items which they offered. This 
diversity of products was necessary from the standpoint of 
the layout analysis. 

Over twenty plants were originally considered for the 
validation of these criteria. Of these plants, several were 
to prove unavailable, due either to government classified 
work or to processes which involved trade secrets. Of the 
remaining plants which could not be used, the difficulties 
encountered fell into two general classifications: 

(1) The plant did not have adequate files or information 
regarding the previous or revised layout; or the author was 
not allowed sufficient freedom to obtain enough complete 
information to present a valid report. 

(2) The criteria goveming the previous and revised 
layouts were not functions of layout alone, but were also 
functions of better processes or methods. 

Thus, the final selection of plants was based on 4 
combination of diversified products and layouts, adequate 
records, freedom of access, and criteria of revisions based 


only on pure physical-plant utilization. 
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APPLICATION OF CRITERIA TO EXISTING PLANTS 


As stated in the previous section, the criteria of 
physical-plant utilization were evaluated in five different 
plants. The results of these evaluations are outlined in 
this section. 

The evaluation of each plant will be preceded by a plan 
view of the layout area concerned. This plan view will con- 
sist of two figures; one, representing the previous layout 
area, and the other,representing the revised layout area. 

Following this, a brief summary of the plant operations, 
products and background will be presented. The criterion of 
improvement of the revised layout will be included. 

Each index will then be evaluated under both conditions 
of layout. Pertinent facts and recommendations relative to 
the applicability of the indices to each layout area will 
be included. 

Only the final values of each of the letters or symbols 
will be included in these studies. The large amount of com- 
putation required, in arriving at these values, would only 
serve to confuse the analysis and would add little to the 


understanding of the subject. 
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Fig. 16 -Revised Layout, Duncan Electric Company 








"I The Duncan Electric Company - - Lafayette, Indiana 

In this plant the electromagnet E coil core was traced 
from its start in the receiving Department, as coiled steel 
strip, until it was shipped as a component of a Standard 
Wattmeter. While undergoing its various operations the core 
followed a path which included four floors and three separate 
buildings. The old plant, in this case, was in a very 
decrepit condition and at least one portion of a building 
was already condemned. 

The new plant was not to commence production until too 
late for a performance report to be included in this thesis. 
However, the same machinery required to produce this partic- 
ular core in the old plant was to be moved to the new plant 
with only one exception - a new painting and drying oven. 
Enough performance data was available to analyze this par- 
ticular machine in its relation to the planned production i 
line. The new plant layout was analyzed from an elaborate 
three-dimensional scale model. While expected production 
and performance figures were necessarily based on careful 
estimates, even a cursory inspection of the two layouts 
would indicate a tremendous over-all improvement. 

Beyond these improvements a production increase of 25% 
is anticipated for this product, as a result of this layout 
change. It is to be noted that other than the above change 
in the painting and drying oven, there have been no changes 


in methods throughout the manufacture of this part in the 





new plant. This further verifies the fact that the benefits 
to be derived from the new plant, at least with respect to 
this product, are due to the new layout alone. 


Plant Layout Evaluation of the Duncan Electric Company 
l. Index of Indirect Materials Handling Z e 


Initial Layout Revised Layout 
a= 204 ft. 82-255 EES 
b= 2761 Lt. 0901. 

a a ,456‏ - 2ے 

5 183 5 


The reduction in the total actual distance the part moves is 
probably the greatest improvement in the plant. Although it 
appears that the conveyor usage has actually decreased in 
the new plant (item &) it should be stated that over 400 ft. 
of the conveyer in the old plant is used for transportation 
pirposes only - whereas all conveyors in the new plant will 
be utilized for operational sequences. 


2. Index of Direct Materials Handling = 5 


Initial Layout Revised Layout 
© = 1444 ft. C 2485 ft, 

D =z 2761 ft. poc DoD TT. 

هه C‏ 523. -= فا 

» 5 ۰76 


Although this indicates an impro vement in the layout of the 
production route, it does not give a true picture, when com- 
paring the ratios of the old and new layouts. The difficulty 
lies in actually measuring the value of c. As stated earlier 


in this paper, the best index of the Direct Materials Handling 
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would be item b itself. The value of b shows the improve- 


ment in its true perspective. 


d 
3. index of Gravity Utilization = E 


Initial Layout Revised Layout 
Wee co Ít. dl = 46 

e 2 94 ft. 6 = 0 

a 1 
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Inasmuch as the new plant is situated wholly on one floor, 
and since this particular part is moved neither up nor down 
during production, this index does not apply. However, in 
the old plant there is an opportunity for improvement, as 
evidenced by this index. It is safe to assume that there 
will be an increase in efficiency in maintaining production 
on one level, in this instance, inasmuch as some expended 
energy in elevating the part, in the old layout, is never 
recovered. 


4, Index of Flexibility = له‎ 


Initial Layout Revised Layout 
12.10 2310 
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No actual improvement in flexibility of equipment was con- 
templated inasmuch as the same machines are to be used in 
the new plant that were previously used in the old plant. 
The change in k is due to the combining of two permanent 


machines, paint drier and oven, into one permanent conveyor 
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type machine, 


9. Index of Floor Area Loading Density = 2 [(m*2 ) (n*2)« pl 
q-r 


Initial Layout Revis ed Lay out 
2 = 1253 sq.ft. à z 1528 sq.ft 

q = 6630 sq.ft. q = 1020 sq.ft. 
r= 3514 sq.ft. r 2 2450 50 
È = .403 Z 
q-r e q-r = .198 . 


This may or may not be a true measure. The value of q for the 
old plant is questionable. As stated earlier, this is a case 
in en it is extremely difficult to measure the exact amount 
of floor area designated for the production of this one part. 
Many other part pieces during processing overlapped the pro- 
duction area used by this part thus making the accurate measure- 
ment of q doubtful. Inasmuch as the new plant layout has one 
area designated for the production of this part alone, the 
value of.g obtained for that plant is mich more accurate. 

This index, when following the flow of a part, is believed to 
be unreliable. 


6. Index of Aisle Wastage = q-r 


qa 
Initial Layout Revised Layout 
q = 6630 q = 10,200 
r= 3514 r = 2,450 
Wi = .472 Ze? z .758 


Although this index does reflect a better utilization of 


plant floor area, it cannot be considered too accurate due 





to the questionable value of q in the old plant. Other shor 





comings in this index have been discussed in earlier pages. 


7. Index of Time WË 


Initial Layout Revised Layout 


S 2851912006020200 15.976 min. 
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This Index has been discarded. (see previous comments). 

The value of s is easily and accurately obtained and, in 
itself, would at least be a good measure of Methods. How- 
ever, inasmuch as the value of t is almost impossible to 
measure in the majority of instances, it is felt that this 
proposed index would te of little, if any, value regard- 
less of the accuracy of s. The value of t is dependent on 
such factors as sales, methods, material availability and 
scheduline, to mention only a few. For example, large 
quantities of a component of a product may be manufactured 
and stored, depemiing on availability of material at a 
particular time. Or oftentimes a product is stopped in the 
middle of the manufacturing cycle to allow the introduction 
of a different product - this is usually dependent on sales 
systems ani the market. Therefore, due to the fact that so 
many variables, independent of the plam layout, are con- 
trolling factors in this index am, under certain conditlonss 
result in values of t rarging from minutes to months, it has 
been decided to eliminate this Index as a means of measuring 


plant layouts. 
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This index failed as a measure of Inventory. This was due 


not only to the indeterminate value of the Imex of Time 





but to the variable quantity of production as well. It is 
conceivable that in some plants a fixed production rate 
might be established and maintained, but in the majority 
of factories, as in this one, the production rate depends 
on factors such as the Market, Sales, Material and Labor. 
In this plant, the production rate varied from day to day. 
Any attempt at estimating, averaging or generalizing the 
production rate under the old or new layout would only 
result in a meaningless value for this index. 


9. Index of Storage Volume Utilization £ d 
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Initial Layout Revised layout 
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w <= 
m. 
wW $ . 449 

Shipping 
Initial Layout Revised Leyout 
Y 2 5230 ~ = ای +) 85ء‎ 
gue 15100 
dk ` 
Ww «246 


The present shipping and receiving storage spaces are poor 
examples of optimum space utilization. The spaces provided 
for these storages are disconnected and sometimes fairly 
inaccessible. The limitation in use of vertical space in 
Shipping is the stacking height of tne corrugated cardboard 


boxes. At a height of approximately 8' the boxes begin to 








is available but is utilized mainly for hauling, 
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rather than stacking. Use of tne proper type pallets 









throughout these storage spaces would result in a trenend- 








ous increase in present storage capacity. It is interest- 
ing to note that the lack of sufficient storage space is a 


oroblem confronting the respons ible personnel at the present 





plant, yet so mich valuable storage volume remains unused. 
In the new plant all shipping and receiving storage 
spaces will be coherent. YPalletizing, skids, mechanical and 
hand lift trucks and hoists will be used. The stacking 
height of merchandise will be limited only by overnead 
obstructions. The expected volumetric utilization of these 
assigned storage spaces will reach approximately 85%. The 
Index of Storage Volume Utilization readily reflects the 


use of storage space in both the old and new plants. 
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In this plant two areas of la yout were analyzed. Thes: 


areas were chosen for two reasons ; 





one was that the areas 


varied in size from a department layout to a division layout, 


Second, the areas represented different types of industrial 
u 





| Situations, 
B 


Which would better serve to test the applicabilit 
of the indices which were to be evaluated. 


The layouts and re-layouts of the particular areas choser 


for study were carefully recorded in plant layout files. All 


required information was gathered either from 
from 


these files, 
the Methods Department or from actual measurements on 
the floor. 

In NOPI an attempt was made to evaluate the ind ices 


which best described the proper layout with respect to the 


utilization of machinery and men, 
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Layout Evaluation of the Automatic Screw Machine Department 


The major advantages cited for the new layout, as com- 





pared with the old, were: 
(1) A resulting higher ratio of machines per man. 
(2) More productive machinery located in the same area. 
(3) An increase of approximately 11% in work unloaded 
in this department the first three months after 
the new layout was installed, as compared to the 
last three months of the previous layout. 


l. Prime Imex of Automatic Machinery Loading = m 


1008 
Initial Layout Revised Layout 
f= 45 x 20 fuso x 20 
g - 12 7ٗ ۶ت‎ 
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This department maintained a "down time” figure of very close 
to 20%, on an average, for the machines located therein. The 
increase in this index is due to the increase in the number 
of automatic machines, while retaining the same number of 
operators and the same "down time" percentage. This index is, 
therefore, a measure of the grouping efficiency of these 
multi-machine operations. 


2. Secondary Index of Automatic Machinery Loading- h 
1008 


This index does not apply inasmuch as the percentage of down- 
time for all automatic machines in this department was main- 


tained at approximately 20%. 










1e Vis ed Layout 
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In the re-layout of this area eight (8) more automatic 
machines were added. Of these, seven (7) were so designed 
as to be capable of movement to any other location in one 
working shift. Although the difference between the two 
layouts in this respect is slight, this difference is 
measureable and is reflected in this index. 


4. Index of Floor Area Loading Density = à [(z*2) (ne2)« J_ 


q-r 
Initial Layout Revised Layout 
2 2 2507 JE o4 
q = 5775 E OS 
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The fact that this index decreases in value, although the 
same area contains more machines under the new layout, would 
seem to indicate an inconsistency somewhere in the data pre- 
sented. The answer seems to lie in the method by which the 
machines were combined in the new layout. 4 brief study of 
the layouts will show that previous surplus space around 
certain machines was eliminated by a unique combination of 
"end to end" placement. The fact that aisle area was 
decreased allowed some extra room for the installation of 


productive equipment. Since tnis index does not show a 
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able increase in the floor loading density , it might 









be assumed that either the Index is of little value when 
used alone, in this case, or a very skillful re-layout was 
employed. It is the considered opinion of this writer that 


both conditions exist. 


9. Index of Aisle Space - r 


q 
Initial Layout Revised Layout 
EE- 2595 T2187) 
q = 9775 (00-35 
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This index does show that the floor area available for active 
production machinery has been increased. Although the aisle 
space has been decreased in the new layout, it has been so 
judiciously arranged that actual access of material to and 
from the machines, especially the heavy Cleveland Automatics, 


has been greatly facilitated. 
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Fig. 5a -Lnitial Layout, Inspection Div., NOPI 





Fig. 3h - Revised Layout, Inspection 2/۸77 
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NOPI - Parts Inspection Division 


This Division encompassed a work area in which the work 





stations consisted of operators at test benches. The mater- 
ial to be tested, usually manufactured paris, was first 
placed in the incoming storage space. From there it traveled 
to various inspectors at their test benches. Certain tests 
required the operator to utilize the special equipment avail- 
able elsewhere in the inspection area. Upon completion of 
the inspection the material was taken to the outgoing 
storage space. This layout, dus to tne complexity of the 
different parts tested and E nale routes traveled, 
was best analyzed as to the optimum utilization of men and 
machinery. 
The major advantages cited for the new layout, as com- 
pared with the old, were: 
(1) A better flow of material under inspection. 
(2) More inspections per operator per unit of floor 
space. 
(3) Increased number of inspection facilities. 
(4) More convenient arrangement of the inspection 
equipment from the viewpoint of the inspectors. 


Layout Evaluation of the Parts Inspection Division 
index of Work Station Flexibility = E 


Initial Layout revised Layout 
j, = 10 011 
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In both cases the work stations were merely test benches 


or testing devices with standard electrical attachments. 


2. Index of Floor Area Loading Density = Y [(m+2) (n+2)+ p] 
q-(reu 


Initial Layout Revised Layout 
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q = 2510 q = 3941 
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This index shows & decided advantage obtained in the new 
layout in regards to mximum use of the floor area for 
productive effort. This increase is due to a better lay- 
out of the work stations, and related equipment. Tais fact 
. is readily indicated by this index, even though the new lay- 
out required a proportionately greater amount of total floor 


area, aisle area and storage area. 
D 


Ae Index of Aisle Space = 

Initial Layout Revised Layout 
r= 453 p 2796 

q = 2510 q 2 3941 

res % 
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This index shows that some aisle space was gained in the new 
layout. In relation to the increase in the Floor Density 
Loading, this increase in aisle space is not detrimental. 
The real saving in this re-layout stems from the re-arrange- 
ment of the work stations. This index might point out an 


area for even further “improvement in tze layout. 








Initial Layout Revised Layout 
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The Storage Area has also been increased proportionately. 


The same remarks apply as did those pertaining to the Index 






or Aisle Space. All waste space, in the old layout was 





` carefully utilized in the new arrangement to provide either 


operator work space, aisle space or storage space. An 
examination of the layout diagrans will show how waste area 
at the ends of benches, around the cabinets and test tables, 


and in comers, was eliminated. 
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F ig. fa- Initial Layout, Feerless Wire Co 
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Fig. #6-Final Layout, Peerless Wire Ca 








Peerless Wire Products, Inc., Lafayette, Indiana 
The Peerless Wire Products Company manufactures many 
sizes and shapes of refrigerator shelves. The area 
analyzed herein consisted of the Enamel Division. Basically, 
the process evaluated consisted of dipping the finished 
Shelves in a clear enamel solution, removing the excess 
enamel, and then drying the shelves. 

Fortunately, in this oase, both the old layout and the 
new layout were available for evaluation, the old layout 
still being retained in the event of further expansion. 
Accurate informtion in files, plus the necessary actual 
measurements on the floor, gave a reliable analysis of 
this Division. This evaluation was based on the actual 
flow of the parts, as well as the utilization of men and 
machinery. 

Besides the qualitative criteria of increased safety, 
the comparison of the new layout with the old is based on 
the quantitative criteria of production and man power. In 
this case the production rate was increased from 500 pieces 
per hour to 1000 pieces per hour, an increase of 100%. The 
number of operators required was reduced from three to two, 


a reduction in personnel of 33%. 


Layout Evaluation of the Enamel Division 


l. Index of Indirect Materials Handling = a 
b 











Initial Layout Revised Layout 
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The old method vrovided a conveyor only for the initial 
dipping of the part and with enough carrying distance to 
allow the part to finish dripping excess enamel before 
being removed to the oven. The conveyor in the new layout 
provided for ths dipping and dripping operations but also 
was extended to provide for the oven drying of the parts. 
Although this is essentially a change in methods, it is so 
readily transformed into a better layout that it might be 
considered essentially a layout charge. Here again, the 
dividing line is hard to define. In any event, this index 
does show a decided improvement in Indirect Materials Handling. 


2. lndex of Total Materials Handling - b 


Initial layout Revised Layout 
b = 65 DB 6 


This index shows that the part piece is required to travel 
over twice the distance in the new layout as was required 
by the old layout. It must be remembered that the part is 
in continual motion during the drying operation in the new 
layout. The increased distance traveled by the part was 
the one concession made in order to obtain the other numer- 
ous advantages of the new layout. The index does readily 


indicate that the total materiel handling distance has been 








increased. 


3. Index of Production Line Flexibility = j, 
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In conformance with the previous definitions of mchine 

and wrk station it is noted that the devices and conveyors 
which perform the dipping, dripping, handling and drying 
operations might each be treated as an individual machine. 

In this instance the old layout was considered to consist 

of two إ۸‎ that is, the dipping, dripping and handling 
mechanism was considered as one machine and the drying oven 
as another. Inthe new layout these operations were combined 
into one inseparable work station. However, in this re-lay- 
out, since none of the machines were designed so as to be 
capable of being moved to a new location, this index reflects 


no actual change in the tiexibility of the production line. 


4. Index of Floor Area Loading Density = 202 کت‎ 
q=(r+u 
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This index shows a decrease in the utilization of space for 





production equipment. This decrease is slight and is 





attributed to the three-foot wide repair accessibility area 
along side the production line. A reduction in the width to 
23 feet, as in the old layout, would have given an unchanged 
Value to this index. Here, again, a more accurate picture 
of the new layout is obtained if this index is weighed in 


conjunction with the two following indices. 


9. Index of Aisle Space =r 
q 
Initial Layout nevised Layout 
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An aisle must have some minimum width dependent upon its 
intended usage. In this case both the old and new layouts 
required an access aisle of a three-foot width. This aisle, 
when used to service a smaller machine, work station, or 
work area, as it does in the old layout, bears a consider- 
ably higher ratio of non-productive area to productive area 
than it does when serving a proportionately larger area, as 
exemplified by the new layout. For this reason the minimum 
get: GT aisles, consistent with usage reguirements of a 
layout, should be a definite goal in the planning of a good 
layout. This index is a good measure of the better layout 
attained by application of this principle. 


Pex or Storage Space 2 g-u 
q 












Revised Layout 
gr 22 1090 
u = 135 


Seu = .95 
۹ 







The improvement in this index is due to the elimination of 
the Final Storage Space. This space was provided in the 
original layout in order to handle the total oven load at 






| completion of each drying cycle. The continuous drying, 
| While on the conveyor, in the new layout eliminated the need 

for this separate area. 
This index does show that a decrease in storage Space 


has been attained in the new layout. 





Fig. 9a- Initial Layout, Consolidated (hd. 
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-Revised Layout, Consolidated Ind. 
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Consolidated Industries, Inc., Lafayette, Indiana 





The Consolidated Industries, Inc., manufactures heat- 
ing equipment of varied types and sizes. One department is 
devoted to the production of a home-type Horizontal Gas 
Furnace. This furnace has proved popular, am the resultant 
demand for increased production created a need for expanded 
production facilities. Due to many external factors a re- 
layout was limited to the existing area presently devoted to 
the production of this furnace. 

The previous production capacity was 50 Eorizontal Gas 
Furnaces per day. With a new layout, employing the same 
processes, a production capacity of 100 Horizontal Gas 
Furnaces per day was realized. 

Inasmuch as methods and floor area remained nearly con- 
stant in both layouts, the evaluation developed herein can 
be considered as being a fairly accurate appraisal of the 
actual physical-plant utilization. 

This evaluation is developed from actual physical 
measurements of the plant, the re-layout being developed 
and installed during the preparation of this paper. The 
evaluation is based partially on the actual flow of the fur- 
nace assembly and partially on the use of operators and 
machines within the department, 

Layout Evaluation of the horizontal Gas Furnace Dept. 


1. Index of Indirect Materials Handling - a 
b 








a= 47 ft. a = 47 ft. 
b = 73 ft. b = 60 ft. 
a - a = 6ر0‎ 

b .64 b 


This index does show tnat the new layout utilizes a more 
efficient handling of the material. Although the actual 
conveyorized handling remains unchanged, the decrease in 
external handling causes the index to increase considerably 
in the new layout. 


>. Index of Total Materials Handling - b 


"tial Layout Revised Layout 
p= 73 b = 60 


The same remarks apply as in (1) above. In the new layout 
the mterial handling route is laid out in a manner which 
provides a unifom flow equally well to either production 
line. This is due to centralizing of the Sub-Assembly 
Storage area between the two lines. The value of b remains 
the same Wen measured over either production line. 


3. Index of Work Station Flexibility = j2 


K2 
Initial Layout Revised Layout 
j, = 10 j2 = 20 
|| - 3 e ce 
da - لر‎ = 


The only machine, defined as such, not being capable of 
ready transfer to other locations, is tae conveyor. “ne 


requirement of the new layout for twice the number of work 
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value of this index. 


4, Imex of Floor Area Loading Density = 2 (m+2 ){n+2)+] 
q-({rtu) 


Initial Layout Revised Layout 











098075 ) وت 
q = 1100 q = 1172‏ 
۲ ھت“ 6 0 luz‏ 
u= 369 ú = 1089‏ 
SC‏ ,) ےت 2 
2 = 5 - 
q=(r+u) = a-[r+u) S‏ 


This index does measure a considerable increase in the 
efficient utilization of the plant floor area for pro- 
ductive capacity. The fact that both indices exceed the 
value of unity indicates that all spaces in the areas under 
consideration were designated as aisle space, storage space, 
operator work space or conveyor (machine) space. The addition 
of two feet around the conveyor as specified by the formula, 
er zes the large values of the indices. There appears tome 
MO Objection te the value exceeding unity, other than the 

nit y in making objective comparisons between industries 
or between factories within the same industry. There may be 
sone actual waste area within the space designated for the 
operators. However, this space is marked off and no other 
activity may use it. The operator's work spaces are over- 
lapping since all operators work in a standing position and 
move a short distance with each furnace as it progresses 


trom one work station to the rext. 
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The slight decrease in the value of this index is due to the 
retention of the same aisle area with a slight increase in 
the total plant floor area. The floor area was increased 
to allow for the Operator Packing area. The outlet from the 
Packing area in each layout is directly into the Shipping 
Room. The only aisle space required for this extra area is 
that necessary to accommodate the personnel (in this case, 
tne personnel use the operator work area for access to their 
werk station). Thus, a greater productive area in the new 
layout is serviced by the same aisle area. This does indicate 
amore efficient layout end such is reflected in this index. 


6. Index of Stcrage Space 2 q-u 


q 
Initial Layout Revised Layout 
q = 1100 "01 -9 ٣ 
u = 369 ü 223958 
me > «66 A = ‚84 


In-Process Storage is decreased in the new plant layout, 
The Storage space is more accessible to the production 
lines than it was in the old layout. The new arrangement 


of storage space still leaves much to be desired since the 





SR 


operators near the storage area must pass certain component 
parts across the conveyor to the workers on the opposite 
side. More careful storage of sub-assemblies and component 
parts in the new Sub-Asserbly Storage area made the decrease 
NEECDSCce possible, while actually increasing the efficiency 
of distribution. This index does give an indication of the 
increase in plant floor area for productive purposes, due säi 


the reduction in the space allotted to tie storage of sub- 


assemblies. 
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Fig. 69 -Initial Layout, National Homes, Incorporated 
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National Homes Corporation, Lafayette, Indiana 


The National homes Corporation designs and builds pre- 
fabricated houses. This industry is relatively young and 
lacks the industrial experience available to many other types 


of manufacturers. Many of the processes in actual use have 





been developed througn trial and error, while others are well 
established methods adapted to new uses. In view of this, 
many new and novel features are found in the layout of this 
“plant. 

The production area of the present plant occupies 
109,680 square feet. This plant produces from 16 to 20 homes 
per shift per day. The proposed plant will occupy an addition- 
al 70,606 square feet. This plant will produce from 30-35 
homes per shift per day. It is to be noted that the new lay- 
out entails no new processes. The increased production in the 
new plant is dependent on the increased capacity and more 
efficient layout of the production lines. 

Reference to tne layout plans will show that an unusual 
amount of plant space is occupied by in-process stores and 
spacious aisles. The very nature of the bulky raw materials 
makes this situation a necessity. Actually, the storage 
spaces occupy a much greater area than do the operator and 
machine spaces. This situation would be extremely dangerous, 
if not fatal, in most other industries. 

In view of the peculisr production problems encountered, 


this plant provides an interesting and diversified layout 





o 7 " A, 
£40 Ca Nm DW A E I a ps 
76 60'۶۹ 7 


4 u. په‎ 
۹ 1 * T ar 
ELO LITA 
Pom TION - : B 











Again, these 






indices will be evaluated from the standpoint of tne flow 





of certain typical parts as well as from the standpoint of 
proper utilization of men anà machinery. 


Plant Layout Evaluation of National Homes Corp. 
1. Index of Indirect Materials Handling = t 


This index was measured in relation to the flow of two major 
iters in both layouts. One item flow involved the assembly 
۳۰۰۰۰۰11 of an Interior Wall. The other item flow 
involved the assembly and handling of a Ceilins Panel. 


s 


Interior Wall Line 


Initial Layout Revised Layout 
a = 39’ ٣۸ 1-77 

puc 493° b. 5529! 

= a= 

> «086 B . 101 


The large ratio between the distance the part moves on the 
actual production line to the distance it moves from stores 
to shipping is a result of the type of production encountered. 
Actually, almost the entire route over which the Interior 
wall flows consists of a monorail type conveyor. The panels 
are pushed by one man. Large moves are encountered for all 
fabricated parts due to the tremendous amount of space 
required for all component parts of the completed assembly. 
۲٣۰۰ ۰. layout does provide for a considerably shorter route, 


and a resultant decreased ratio in the indirect materials 
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Ceiling Panel Line 


Initial Layout Revised Layout 


26! a وی‎ 
196' b 244 


aod a 
5 ~ 160 


remarks apply here as applied to the Interior Wall 


Line. Although the overall actual distance the Ceilings 





moved was increased in the new layout, the conveyori zed 

portion of movement was increased toa greater extent, re- 

sulting in a higher Index of Indirect Materials Handling. 
2. Index of Direct Materials handling = b 


Interior Wall Line 


Initial Layout Revised Layout 
D= 453' 08 367٦ 


This particular item enjoyed a considerable savings in direct 
materials handling in the new layout. The exact increase in 


efficiency in this phase is readily shown by this index. 


06 7 ھ٣۳‎ 


Initial Layout Revised Layout 
b 196" Dia 221 


Here, the direct material handling was increased by 48'. In 
this particular line the increase was due to a re-location of 
in-process storages in order to facilitate distribution to 


two Ceiling Panel Lines in the new layout. The old layout 
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Jf material. 
3. Index of Floor Area Loading - 2 [| (m+2) n+2) + n] ات‎ 
q-(reu 
Initial Layout Revised Layout 


See EE, 39,977 sq.ft. 
109,680 sq.ft. 190,066 ۳ 
25,482 sn.ft. 33,637 sq.ft. 
45,961 sq.ft. 53,33 ۹۶ 


1 1049) 11 
۱١ ۱١ ١ 


2 = .653 2 


q- (r«u] q- (rtu) ` 2 
This index discloses that the use of productive plant floor 


area in the new layout has been decreased. Much of the raw 





material previously stored out of doors has been placed 

inside the new buildirg. This mterial, although not included 
in the above figures does cause some trouble in estimation of 
aisle areas and vorking spaces to be assigned to such mater- 
lals. Access area to in-process stores has been increased. 

11 the old layout, operators dia not nave sufficient freedom 
of movement between in-process storage areas and operating 
areas. This access area is not included in the above dimen- 


sions and may account for part of the decreased value in the 


index. 
4. Index of Aisle Space Ir o 
q 
Initial Layout Revised Layout 
ue 109,080 sq.ft. EMOS 66 9 ٣ 
r= 23,402 sq.ft. 7رت 2 اا‎ - 8۹ 
== ,214 ieee ee 
q q 





Juld seem coincidental that the sare ratio should hold 
bh layouts. At any rate, such a ratio may be the optimu 
esired in this type of production or it may be the result 
stereotyped planning of layouts. 


S. Index of Storage Space = a-u 


sS‏ هم 


q 
Mit ial Layout Revised Layout 


mno sq.ft. 196.466 4٦٣ 
29,596: sq.ft. ہہ‎ SOT 


وڈ ج OS‏ 


The new plant has a slightly decreased amount of in-process 


storace space in relation to the operating area available. 





oy 
ms is a desirable situation, especially so when the stored 


material is of such a bulky nature and so difficult to handle. 
Reduced in-process storage ina plant or this nature has real 
dollar value in lowered production costs. The more efficient 


use of in-process storege space is pointed cut by this index. 
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0000 
this critique will be concerned with the applicability, 
function and significance of each of the criteria, as retained, 
modified or proposed in this paper. 


1. Imex of Indirect Materials Handling =a 


where a = the sum of tke distances a part moves 
automatically by conveyor and from 
machine to machine arranged in operation 
sequence without external materials 
han dl ing. 
and b = the total actual distance a part moves 

via the production route from the entrance 
to the layout area to the exit from the 
layout area. 

This index is consistent and accurate. It is a good measure 

of the efficiency of the production route with respect to 

mechanized handling of materials. This index was success- 

fully used in all situations. It is recommended as an index 

of physical-plant utilization. 

EE index of Total Materials Handling = b 
where b = the total actual distance a part moves via 

the production route from the entrance لرل‎ 
the layout area to the exit from the layout 
area. 

This index has moven to be a means of more easily comparing 


plants or areas manufacturing the same type of product. It 
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readily portrays the manner in which the production routes 
are laid out. xesults were valid in eacn case in which this 
index was used. It is recommended that this index by used 
Ma measure of physical-plant utilization. 


3. Index of Gravity Utilization - d 
e 


wnere C = the sum of tne vertical distances gravity 
feed is used in a multi-story plant. 
and e = the total vertical distance up or down a 
part moves, involving machine or human 
effort, from the entrance to the layout 
area to the exit from the layout area, 
of a multi-story building. 
Although sufficient opportunities were not available to 
fully evaluate tre index, as defined above, it is felt that 
the limitations perceived in the former index have been over- 
come. The restricted application to multi-story buildings 
should aileviate the shortcomings in camparing layouts between 
Single-story and multi-story buildings. This index should be 
retained as a measure of physical-plant utilization. 


4. Prime Index of Automatic Machinery Loading = f 
1008 


where f = the sum of the percentages of machine down 
time from all cases where the individual 
percentages of down time are equal to or 
less than 50% of the individual work cycles. 
and g = the total number of operators on those 


machines. 
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This index has been evaluated successfully and is considered 
to give an accurate indication of multi-machine layout. It 
was used without change or modification. It is recommended 
that this index be retained as a measure of physical-plant 
utilization. 


5. Seconiary Index of Automatic Machinery Loadingss h 
1008 


where h = the sun of the percentages of machine down 
time from all cases where the individual 
percentages of down time are greater than 
50% of individual work cycles. 
and g = the total number of operators on those 
machines. 
This index was not evaluated since no situation occurred, 
during the preparation of this paper, in which this index 
could be properly used. From the experience gained in 
using Index #4, it appears that this index would also be 
applicable, without change or modification, as an index of 
physical-plant utilization. 


6(a). Index of Production Line Flexibility = j, 
K 
1 


where j, = the number of machines or work stations 
performing operations on the part under 
consideration, so designed as to be cap- 
able of being moved to a new location in 
the same production line in one working 


Sit ac 





and k,- the total number of machines or work 
stations perfomins operations on the 
part under consideration, in the pro- 
awetion line 
This index was developed from the originally proposed Index 
EN !exibility. When used as a measure of machine flexibility 
meee production line, in relation to the flow of the part, 
it is considered a satisfactory index for physical-plant 
evaluation. 


END). Imex of Work Station Flexibility = j, 


kz 
where j, = the number of machines or work stations, 
within the area under consideration, so 
designed as to be capable of being moved 
to any other location in one working 
shift. 
am k,= the total number of machines or work 
stations within the area under con- 
sideration. 
This index, too, was developed from the Index of Flexibil- 
ity. In tems of utilization of men and machinery, it proved 
to be a successful measure of rachine and work station arrange- 
ments. It is recommended as an index of physical-plant 


۲۰٠۰٦ 7:310۰ 


7. Inisx of Floor Area Loading Density = 2 L(m+2) (n+2)+p] 
q-(reu 


where m = extreme machine length in feet. 





ra. 


n = extreme machine width in feet, 

p = the total work area normally required by 
an Operator In tne performance of his jobs 

q = total layout floor area in square feet, 

DS total alsle area in square fest. 


su 


total floor area, in square feet, occupied 
by temporary or controlled storage of mater- 
ial, or tools and equipment required to 
modify this material. 

After revision, tuis index proved to ve Ver, sensitive to 
Mames in the use of floor areas. Although it is not 
Tinited in value to unity as a maximum, it is, nevertheless, 
a valuable measure of the efficient utilization of floor 
Space for productive purposes. This index proved valid in 
every case in which it was tested. It 1s recammended as an 
EX of physical-plant utilization. 


8. Index of Aisle Space =r 
q 


poe eg = total layout Tloor areas» 
and r = total aisle area. 
Increases or decreases in aisle area were readily reflected 
in this index. It was used to measure the over-all utilizat- 
lon of layout floor areas for aisles. The measurements were 
accurate and responsive in every case. As re-defined here, 
this index is considered to be a good measure of physical- 


ment utilization. 





9. Index of Storage Space = dzu 
q 


where q = total layout floor area 
and u = total floor area occupied by temporary or 
controlled storage of material, or tools 
and equipment required to modify this 
material. 
This index was also used successfully in each case tested. 
It is a newly proposed index and is considered to be a pre- 
cise indicator of the utilization of layout floor area for 
storage of in-process materials am related items. This 
index should be retained as a measure of physical-plant 


utilization. 


10. Index of Storage Volume Utilization 27 
W 


where v = volume occupied by raw materials or 
finished goods at the normal maximum 
attainable level of storage. 


and 


= 
it 


total volume available for storage of 

raw materials or finished goods. 

This index was proposed too late, in the development of this 
paper, for proper evaluation in all of the existing plants. 
In the one test conducted, it showed promise of being a good 
measure of the cubage utilization of storage spaces, as well 
as a measure of the means of obtaining this utilization. 
This index requires further evaluation, but in view of its 
satisfactory enployment thus far it, too, is recommended as 


. 


an index of physical-plant utilization. 





CONCLUSIONS AND RECOMMENDATIONS 

Ten indices of effective physical-plant utilization 
were originally proposed. In the validation of these indices, 
by actual application to industrial situations, certain changes 
appeared desirable. These changes included generalizing and 
clarifying the ters used, and re-defining certain other terms 
for more universal ease in application. Two indices were set 
aside as beins measures of methods or processes, rather than 
measures of layout. During the evaluation, two additional 
indices of plant layout were proposed and partially vali- 
dated, 

Those indices which were retained appear well suited for 
the evaluation of either continuous or intermittent manufact- 
Uline leyouts. however, in applying the indices to actual 
plant layouts, a more natural grouping order was evolved. 

This order seemed to be superior to grouping by type of 
manufacture. In this arrangement the indices would be grouped 
as follows: 

Flow of the Manufactured Fart 

1. Index of Indirect Materials Handling 

2. Index of Total Materials Fandling 

5. Index of Gravity Utilization 

6(a). Index of Froduction Line Flexibility 

Utilization of Men and Machinery 

4. Prize Index of automatic wachinery Loading 


5. Secondary Injex of Automatic Machinery Loading 
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٣۰٣۰٠۰٠٦٦٢ ٦ Of Work Station Flexibility 

7. index of Floor Area Loading Density 

8. Index of Aisle Space 

9. Imex of Storage Space 

10. Index of Storaze Volume Utilization 
The above indices may be used separately or in combinations, 
depending on the particular situation encountered. There 
is an advantage noted in analyzing the numerical values of 
certain indices with respect to one another. Significant 
results may be obtained by further work in the inter-correla- 
Pome Oo: the values of all the indices. In doing this, it is 
recommended that the investigation of the indices be developed 
through mathematical representations such as alignment charts, 
or Nomograms. such a treatrent would provide for eaSier app- 
lieation of the indices, and might also derive the optimum 
values obtainable under certain conditions of layout. 

The indices evaluated am retained in this paper are now 
considered to be valid criteria of physical-plant utilization. 
Further research not far afield might include the development 
of general standards of index values within industries, the 
correlation of index values with Common industrial criteria, 
anastche development of a similar set of indices for other 


andustrial engineering techniques. 
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APPENDIX A 
Calculation Inform tion 
mercher research in the field covered by this paper 
might be aided by a knowledge of the time required for the 
gathering of the necessary information to calculate the 
indices contained herein. 
The approximate time required in each of the plants, 


for purposes or gathering this infarmation, is as follows: 


Plant Time Required 
Mincan Zlectric Co. 40 hours 
Naval Ordnance Flant 32 hours 
Peerless Wire Products 10 hours 
Consolidated Industries 10 hours 
Nat ional Homes 24 hours 


lt is to be noted that the time spent in obtaining the 
necessary data is dependent on many factors such as complex- 
ity of manufacturing processes, layout of plant, and accuracy 
of plant records and files. The above data does not include 
the time required for analyzing, simplifying, and evaluating 


the information for use in the plant layout indices. 
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